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of  Rei.e&tecl  Stresses  jjni  Concrete 


Infliience  oi 

ancl  Ce:aent . 


Oo.lect . 

^lile  laboratory  tests  on  concrete  ancl  cement  speci- 
Eer.s  brolcen  with  Elngle  applications  of  loafls  may  elve  feooft 
comparative  results,  they  do  not  furnish  much  information  re- 
eardine  the  hehaviir  of  the  material  in  actual  practice, 
wh.ere  from  tivo-thirds  to  one-sixtii  of  the  load  that  v.oula 
cause  rupture  may  be  applied ' successively  a number  of  tines 
before  the  hardening  process  is  well  developed.  It  v.as  for 
the  purpose  of  inauiring  into  the  effects  of  repeated  stress- 
es. on  the  compressive  and  tensile  strength  of  neat  oenent, 
and  the  bonding  strength  of  oonorete  on  steel,  t'nat  the 
following  tests  were  made. 

Materials . 

The  cement  used  was  of  four  difierent  orands 
Universal,  Alma,  Vulcanite,  and  lola,  all  of  which  £&ve  good 
results  under  standard  tests  for  setting,  tensile  end  com- 
iressive  strength,  and  soundness  as  determined  hy  pats  in 

air  and  pats  in  water  for  ninety  da-ys . 

The  steel  used  v.as  Ransoiae  C/8'’  twisted  "bars ; ^ 
Johnson  3/4”  corrugated  bars,  Rogers -Shears  flat  corrugated 
bar,  1/4”  section;  round  3/4”  rods;  Ransom e truss,  and  .'•lann 
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•fcrusF.oa  "bar.  The  sand  uscd-v.as  Hinhson  Creek  sand,  giving  a, 
void  test  of  40>;  the  stone  was  limestone,  crnslied  to  pass  a 
one  and  one-half  inch  ring,  and  retained  on  a l/4’'  mesh;  t]ie 
oement , sand,  and  concrete  were  spread  together  in  the  box 
and  ti:rned  twice  dr^*;  then  water  was  added,  and  the  mass 
was  turned  tl.ree  tir.es.  The  consistency  was  such  as  to  cause 
tiie  surface  to  (.paake  and  flush  w’ith  water  after  thorough 
ramr.ing.  Concrete  blocks  ITo.  16-18,  82,  27-34,  and  38,  how- 
ever, were  rai'crd  as  follows:  The  cement  and  sand  were  mixed 

dry  until  of  a uniform  color;  then  v/ater  was  added  and  the 
paste  was  turned  fourf  ; es,  tlien  the  previously  wet  stone  was 
added  and  t:.e  i/iass  turned  three  times.  A comparison  of  re- 
sults from  the  blocks  mixed  in  the  tw-o  ways  develops  no 
material  difference  in  strength. 

Methods . 

In  testing  cement  ‘''r' p'ettes  and  cubes,  and  concrete 
blocks,  two  or  more  sx^ecimens  were  usually  broken  by  single 

apxlications  of  stress,  in  order  to  esta,blish  a mean  modulus 

# 

of  rupture.  Then  varying  percentages  of  this  mean  stress 
were  applied  a number  of  times,  the  minimum  loading  between 
consecutive  ai)plications  being  about  five  percent  of  the 
maximum  repeated  stress.  On  the  data  sheets,  the  number  of  • 
repetitions  is  indicated  as  a co-efficient  of  the  stress  x^e^ 
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square  inch. 

.The  rate  at  VTi-.ich  the  load  is  ax)^-liecl  will  he  seen 
to  Affect  the  nltir.ate  strength  verj.-’  materially.  7or  axopljr- 
ing  single  loads,  or  the  first  load  of  a series,  the  tiir.e 
consnined  was  ahout  two  minutes  for  briquettes  and  cubes  of 
neat  ceii.ent,  and  tliree  minutes  for  concrete  blocks  with  steel 
imbedded.  In  repeating  stresses  the  intervals  required  -^or 
relieving  and  again  applying  the  load  were  about  fifteen 
seconds  for  briq'iiettes  and  cubes,  and  two  minutes  for  steel 
and  concrete.  . 

For  breaking  the  briquettes  the  testing  rxachines 
used  were  the  Fairbanks  and  Olsen;  and  for  cubes  and  blocks 
the  Olsen  20,000,  Olsen  00,000,  and  Hieble  .'^■0,000f  machines. 

The  method  of  testing  bonding  strength  of  concrete 
on  steel  was  to  ax^ply  tension  to  the  steel  bar  on  the  Olsen 
00,000  machine;  the  block  had  been  molded  with  the  center 
of  the  bar  at  the  center  of  the  cube,  and  it  was  force'-'^  along 
tlie  rod  by  the  split  end  of  a lover,  arranged  to  avoid  eccen- 
tric t lirust . 

The  fulcrum  for  tb.e  lex’er  rested  on  the  weighing 
platfor:;-.  of  the  Olsen  20,000  machine;  and  the  recorded  weight, 
with  th.e  ratio  of  lever  a.rms  and  known  weight  of  lever,  gave 
the  amount  of  thrust.  This  caused  svi  added  tension  in  the 
steel,  as  the  initial  tension  was  maintained  constant,  in 
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sclclition  to  thr-:L.t. 

TTiien  t];e  toncl  was  tested  v.ithout  initial  tension 
in  the  steel,  the  har  was  sirc^ily  drawn  from  the  block  on  the 
Olsen  30,000  machine. 

The  manner  of  loading  the  beans  in  clearly  shown  on 
the  accompanying  photographs.  The  centers  of  the  blocks 
distributing  the  load  were  eight  inches  and  twenty- four  inches 
respectively  each  side  of  the  center  of  the  beams. 

Th.e  span  was  seven  and  one-l.alf  feet  between  supports  , 
one  of  wl.ich  rested  on  the  platform  of  tlie  Riehle  50,000 
machine . 

The  length  of  bescns  was  eight  and  one-half  feet; 
depth,  twelve  inches ; depth  to  center  of  gravity  of  steel  ten 
and  three-fourths  inches;  width,  eight  inches. 
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Tnfluonce  of  Kei^ortecl  Stresses  in  Concrete 
and  Cement . 


Conclusion. 

From  a study  of  the  j^^receding  data  the  follcrv7ing 
conclusions  liave  some  support: 

(1)  A small  number  of  repetitions  of  from  one-half 
to  five-sixt]iE  of  the  breaking  load  v.'ill  cause  failure  in 
cement  up  to  one  v;eok  in  age.  Reference,  ciibes  Fo . 1C  and 
11;  Briouettes  TTo . 31,  32,  42,  43,  47,  48,  49,  6C,  and  61. 

(2)  Cement  specimens  more  than  tv;o  weeks  old  may 
have  their  ulitimiate  strength  either  raised  or  lowered  by  the 
influence  of  repeated  stress,  depending  upon  the  age  of  the 
specimien,  the  percentage  of  breaking  stress  used,  and  the 
number  of  repetitions.  Sustaining  a steady  load  in  many  cases 
sets  like  repeating  the  stress. 

References  for  strength  diminished  by  fatigue,  cubes 
::o.  6,  7,  If,  £5,  P2,  67,  75. 

Rripuet+es  To.  9,  24,  36^  £2,  64,  £5,  78,  79,  92,  111. 

References  for  strength  increased, 

Cubes  :To.  57-59,  62,  63,  69,  £0,  76,  80. 

Bricpiettes  Fo.  20-;^,  53,  82,  83,  116,  117,  121.^ 
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References  for  strength  ^ ract ically  urnffected , 

Cuues  j.!o . x«^ , oC5 , 7o,81,62. 

3riquoi:-^es  Ro.  35,  81,  99-105,  106,  107,  110,  112,  118,  125-127 

(3)  The  ‘bonding-  strength  of  concrete  on  steel  is  iiu-\ 
paired  by  stresf  ee  in  the  steel  far  v.ithin.the  elastic  limit  , 
v.hether  the  tension  be  apx^lied  before  or  during  tl.e  bonding- 
test. 

Blocks  Ko.  8,  9,  and  10;  11-15;  17  and  18;  19  and 
20;  and  52-54,  if  v;e  consider  each  group  separately,  ex3iibit 
a tendency  to  release  the  bond,  at  a constant  maximum  tension 
in  the  steel,  if  t];e  members  of  each  group  are  reduced  to 
standard  conditions.  The  initial  tension  in  the  steel  v;as 
varied  for  some  groups;  therefore  if  a constant  raximum  ten- 
sion is  to  be  ma.intained  for  the  steel,  the  bonding  strengtli 
may  be  considerably  impaired  by  the  14,000  or  16,000?r  tension 
in  the  steel  used  in  practice. 
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(4)The  curveE  shov/ing;  the  deformations  of  'bearnE 
7.0.  4,  9,  and  . 10  illustrate  most  clearly  the  need  of  a high 
elastic  limit  in  the  steel  iised  for  reinforcement.  Only  the 
middle  ciirves  show  accurately  the  deformations;  the  east 
and  west  points  were  16  inches  from 'the  center,  therefore 
the  deformations  computed  from  deflections  at  these  points 
are  useful  mainly  to  observe  the  symrrietry  of  the  curve 
assumed  "by  the  ‘beam. 

For  Beam.Fo.  4 the  successive  applications  pro- 
duced "but  a slight  permanent  set  until  the  sixth  load,  under 
wliich  the  stress  in  the  steel  was' 32,600#,  and  the  maximum 
compression  in  the  concrete,  2150#  per  square  inch.  During 
the  eighth  loading  the  curve  hecarre  nearly  a straight  line 
showing  that  no  slipping  along  the  rods  was  taxiing  place. 

The  previous  stresses  had  seemingly  taken  up  all  deflections 
except  such  as  were  caused  hy  actual  deformation  of  concrete 
and  steel.  Shrinkage  in  the  concrete  while  maturing  may 
account  for  the  slight  slipping  of  tlie  rods  under  the  first 
severe  strains. 

A diagonal  check  had  developed  near  the  support 

t 

at  the  seventh  application.  After  the  eight  load  had  "been 
applied  and  the  machine  was  stopx>ed,  the  ’oeara  broke  where  the 
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check  had  bef-un  to  develoxj.  .The  rods  had  slipped  at  the  end 
th\is  allowing  tension  in  the  concrete. 
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(5)  '2he  tT  eformationF.  curves  for  ?-eara  !To . 9 nearly 
coincide  for  the  first  five  trials,  until  the  ap|)lied  load 
vas  36,000#,  the  tension  in  the  steel  in  the  lower  part  of 
the  hean  35,850.?;  the  compression  in  the  upper  steel  23,QC0, 
and  in  tlie  concrete  2250#.  At  this  point  t'lere  is  a some- 
what abrupt  turn  in  the  curve,  as  thoug;}i  the  anchorage  was 
giving  way;  cracks  became  visible  in  tlie  beaia  near  tlie  middle 
of  the  tension  side; the  peri.'ianent  set  received  at  this  load- 
ing would  also  indicate  that  the  anchor  strix^s  had  eitlier 
slipped  or  stretched  slightly.  During  t}ie  sixtii  application 
.the  strain  seems  to  be  nearly  tlie  stress  until 

the  load  is  40,000#,  then  the  slix)l)ing  seems  to  have  had  a 
new  impetus,  and  the  beam  had  prs ctically  failed,  although 
it  withstood  a slightly  greater  load  afi:er  this.  The  cracks 
had  become  visible,  and  grew  larger  when  the  seventh  load 
was  axjplied  up  to  40,900#.  At  this  point  the  deflection  was 
excessive,  being  one  and  three- fourths  inches  at  the  center 
of  tlie  beam;  and  although  this  was  increased  a ha.lf  inch, 
the  reaction  on  the  machine  gradually  decreased  to  19,000#, 
showing  tliat  the  resisted  load  was  38,000#. 
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(6)  Beam  ITo.  10  aeflectecl  more  readily  tlian  :To.  9, 
the  i^oint  at  v.liioh  the  slirpinf  of  e anchorage  hee;c-ii  heine' 
at  16,500;^,  corresponding;  to  a tension  in  the  steel  of  31,000;/ 

. er  Btiuare  inch,  and  a maximum  compressive  stress  of  1700,/ 

At  thit  ^'-V^e  cracks  "became  visihle  near  the  middle  of  the  oeaiji 
and  also  near  the  east  support.  It  will  he  noticed  that 
during:  the  second  ap.  licaticn  the  curve  heco.  e nearly  a 
straiglit  line  which  passes  slightly  higher  at  ISOgo//  load 
than  the  end  of  the  first  deformation  curve,  v^hich  correspcrdr 
tj  27,600.?  applied  load.  This  illustrates  in  a marked  degree 
the  decrease  in  strength  caused  hy  repeating  a stress  nearly 
equal  to  t';e  modulus  of  ru.ture. 

During  the  second  apx^lication  the  "beam  failea  along 
a diagonal  line  near  the  west  support,  extending  upward  to- 
ward the  middle.  At  luq.ture,  the  tension  in  the  steel  was 
56,400;?;  and  the  mstximum  compression  in  the  concrete  was 
3,200?. 

f7)  The  results  of  bonding  tests  and  the  behavior 
cf  reinforced  concrete  beams  x)Oint  clearly  to  the  advantage 
of  using  rode  that  may  be  firmly  anchored.  The  adhesive 
strengtli  of  concrete  seems  to  be  diminished  in  nearly  every 
case  by  the  x^^^'^ious  stres.  es  in  eith.er  the  steel  or  the 
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irle  concrij'^R,  l.eiioo  a i .eol'.arlicf  Z 1 ‘ il  ir  adviri'Dle.  ZIo  dou'ot 
a ..Tiich  lii’ner  strengtli  ronl:'!  l.ave  Teen  develox'ed  •^iie  T,e«.;e 
had  ’oeon  longer,  t}.e  x»arte  er/; end ing  over  tlie  sux^ort  furnlsuing 
an  E.dditional  V>onding  area. 

The  Ilahn  trussed  hEr  seems  to  he  the  best  tyx’)e  of 
reinforcement  for  the  heams  tested.  Even  after  failure,  the  '>.v. 

•i 

heam  was  capable  of  sux^x^orting  nine-tenths  of  the  breaking 
load  for  several  minutes.  ^ 

fS)  T/ie  ax^Jparent  contradictions  observed  in  the 
behavior  of  fairly  well  matured  cement  specimens  after  sustain- 
ing repeated  or  continuous  stresses  are  'probably  due  to  the 
'combined  ef'Tect  of  two  infliiences , the  one  tending  to  in- 
cretse  the  ultimate  strength,  wliich  ma;?’  x^ossibly  compare  with 
the  influence  observed  in  cold-rolling  steel;  the  otlier  tend- 
ing to  decrease  the  modulus  of  rupture  througli  fatigue.  It 
would  be  hazardous to  try  defining  these  two  laws  with  the 
meager  ds.ta  that  is  ava.ilable,  but  I have  drawn  curves  whicli 
may  be  suggestive  of  the  general  effect  j^roduced  by  moderate 
exercise  within  two-thirds  of^the  breaking  stress;  and  the 
fatigue  induced  by  higher  stresses. 
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